Abstract Original Article
In India, breast cancer is the most common cancer, and cancer mortality in women with age-adjusted incidence and mortality is 25.8 and 21.5/10,000 population, respectively. In state of Delhi, breast cancer is the most common site of cancer among females with an age-adjusted incidence of 41/100,000 population. [2] Breast cancer prognosis depends on the tumour biology and the treatment characteristics. Despite enormous progress in molecular classification of breast cancer, the usual established predictive and prognostic factors are still the age, menopausal status, pathological stage, the size of primary tumour, nodal involvement, proliferation rate and surface expression of receptors. These parameters were integrated into various predictive and prognostic models such as PREDICT score and adjuvant online. These models accurately estimate the 5-and 10-year survival in patients with breast cancer with and without adjuvant therapy. [3] [4] [5] In the advent of rapid translational research on breast cancer biology and gene expression profiling, the incorporation of molecular predictors such as MammaPrint and Oncotype Dx may be used to gain an insight into additional prognostic and/or predictive information, but their relevance for clinical integration is still investigational. [6] [7] [8] [9] In addition, high costs, lack of standardisation and regional availability limit their application in a widescale use in routine clinical practice.
Apart from molecular characteristics of cancer, comorbidity, nutritional status, ability to mount an anti-cancer immunological response and functional status are associated with clinical outcome. Cancer-associated inflammatory response plays a unique role in the process of carcinogenesis and tumour progression associated with a poor survival, as demonstrated for several solid malignancies such as renal, prostate, bladder, gastro-oesophageal, colorectal, pancreatic or breast cancers. [10, 11] In the calculation of derived neutrophil-lymphocyte ratio (DNLR), white blood cell (WBC) without absolute neutrophil count is used as the denominator. In the normal range, the relative ratio of monocytes to lymphocytes is approximately 1:6. In patients with malignancies, there is an absolute decreases in proportion of lymphocytes with increase in monocytes proportion. The relative changes of ratio are unlikely to fall below 1:3 even in metastatic disease. [12] Therefore, WBC sans absolute neutrophil count is a reasonable approximation to the lymphocyte fraction and the likelihood of potential error introduced by the presence of relative monocytosis, is therefore insignificant. DNLR is a cost-effective and simple prognostic parameter of systemic inflammation associated with breast cancer. There is a paucity of data regarding the prognostic significance of the DNLR in breast cancer in the Indian subcontinent.
mateRIals and methods
This study was a retrospective evaluation of DNLR as a prognostic marker in non-metastatic breast cancer. The objective was to assess the impact of DNLR in relapse-free survival (RFS) and overall survival (OS) of non-metastatic breast cancer. All breast cancer patients were registered and treated at Medical Oncology Department from January 01, 2011, to December 31, 2014, after fulfilling the inclusion and exclusion criteria. Data were censured in April 01, 2016. Patients with a lack of information on pathologic or laboratory results and chronic diseases such as systemic lupus erythematous, liver cirrhosis, end-stage renal disease and pregnancy-related breast cancer were excluded from the study.
Patients' files with accepted inclusion criteria and had no exclusion criteria were included in the study. A total of 767 patients who were treated at AIIMS, New Delhi, were screened. Five hundred and ninety-five patients' data were retrieved after follow-up, of them non-metastatic and metastatic patients were 497 and 98, respectively. One hundred and seventy-two patients met the exclusion criteria. Patients' details related to personal and demographic profile, underlying disease, clinical presentation, physical examination, results of blood counts and the result of imaging were recorded in a structured pro forma.
The total WBC count and the percentage of each neutrophil and lymphocyte were extracted from electronic hospital laboratory records to estimate the absolute neutrophil and the derived lymphocyte counts. The DNLR was then calculated by dividing the estimated neutrophil count by the derived lymphocyte count.
Overall survival (OS) was defined as time from initialization of treatment until death from any cause or the time upto last followup date. The relapse free survival (RFS) is the time from initialization of treatment until recurrence of tumour or death from any cause.
Statistical analysis done for distribution of data regarding total leucocyte count (TLC) and absolute neutrophil count and duration of neutropenia is described in terms of mean, median value and interquartile range and because of the non-Gaussian distribution of these values, non-parametric tests such as Mann-Whitney U-test and Kruskal-Wallis test were used for analysis between the two groups. Kaplan-Meier analysis was used for survival analysis. Univariate and multivariate Cox proportional hazards models were used for clinicopathological parameters that were significantly statistically associated with RFS and OS; the results were reported, including hazard ratios (HRs) and 95% confidence intervals (CIs). STATA Release 14. College Station, TX: StataCorp LP, USA) was used for all analyses. The accepted level of statistical significance for all the tests was P < 0.05.
Results
Out of 497 analysable non-metastatic patients, the median age of our patients was 46 years (23-85 years). Young breast cancer (<35 year) constitutes 66 (13.28%) cases, while elderly (>60 year) constitutes 85 (17.1%) of the total population. According to the menopausal status, 50.9% of the patients were pre-menopausal and 49.9% of the patients were postmenopausal state.
Clinical tumour size before instituting any form of treatment was classified as cT1 in 8.25%, cT2 in 41.65%, cT3 in 35.21% and cT4 in 14.9%. Nodal involvement constitutes 62% of the patients. Four hundred and eighty-one patients underwent surgery primarily or after neoadjuvant chemotherapy. Breast conservation surgery was done in 86 (17.9%) and modified radical mastectomy was done in 395 patients (82.1%). Anthracycline ± taxane-containing chemotherapy was given in 82.9% of the patients, while 18.1% of the patients received non-anthracycline-containing therapy. The median number of cycles was 8 (range: 1-8). The most common regimen used was four cycles of 5-fluorouracil (600 mg/m 2 ), epirubicin (75 mg/m 2 ), and cyclophosphamide 600 mg/m 2 for every 3 weeks followed by four cycles of docetaxel (85 mg/m 2 ) as infusion intravenous every 3 weeks in 267 (53.7%) in adjuvant and 33 (6%) in neoadjuvant setting.
Thirty-two (6.4%) patients were presented with anaemia (Hb <10 gm%). The median haemoglobin was 11.9 gm% (6-16). The TLC was 7200/mm 3 (2450-21,900). Leucocytosis >10000/mm 3 was seen in 49 (9.9%) patients. The median absolute neutrophil count was 4200/mm 3 (1100-19,800).
The median DNLR was 1.51. DNLR ranged from 0.34 to 9.4 (mean 1.8 ± 1.08) in the whole population [497 patients]). The significant DNLR by receiver operating characteristic curve analysis (area under the curve = 0.759), is 1.68 with the sensitivity of 77.78% and specificity 59.6%.
The significance of DNLR in subgroup analysis is summarised in Table 1 . The high DNLR significantly associated with >6-month duration of presentation, menopausal status, tumour size, high TLC, hypoalbuminaemia and occurrence of relapse or death.
Survival analysis
The median time to follow-up is 33.8 months (range: 9.6-64.7). A total number of the relapse events were 115 with 36 deaths. The median time to relapse was not reached. The estimated 5-year RFS was 70% [ Figure 1 ]. In the further analyses of the association of neutrophil-lymphocyte ratio (NLR) with RFS, there was statistical significance between the DNLR and RFS (P < 0.05, HR: 4.03; 95% CI: 2.67-6.09) [ Figure 2 ]. However, univariate Cox regression analyses of RFS showed a prognostic significance for the variables such as young breast cancer, menopausal status and nodal involvement. Factors such as receptor subtype, duration prior to presentation, T-size and anthracycline-based therapy were not statistically significant. There was a trend towards statistical significance in factors such as anaemia (P = 0.075), high TLC (P = 0.059) and hypoalbuminaemia (P = 0.056) for RFS. In the multivariate analyses, there was a significant association between nodal involvement and RFS. Analogous to the univariate analysis, there was a significant association between NLR and RFS in the multivariate analyses (P < 0.05, HR: 3.91, 95% CI: 2.58-5.91). These results are summarised in Table 2 .
The median time to follow-up was 33.8 months (range: 9.6-64.7). The total number of deaths was 36. The median OS was not reached [ Figure 3 ]. The predicted 5-year OS was 87.5%. In univariate Cox regression, analyses of OS showed a prognostic significance for the variables such as young breast cancer, menopausal status, DNLR, triple-negative histology and nodal involvement. Factors such as duration prior to presentation, T-size, hypoalbuminaemia, anthracycline-based therapy, high TLC and anaemia were not statistically significant for OS. In the multivariate analyses, there was a significant association between young breast cancer, triple-negative histology, high DNLR, nodal involvement and OS. These results are summarised in Table 3 . The 5-year estimated survival for patients with high DNLR and low DNLR was 77% and 90%, respectively [ Figure 4 ]. 
dIscussIon
Hallmarks of cancer classically include six biological capabilities acquired during the carcinogenesis cascade that include proliferative sustainability, evading growth suppressors, death signal resistance, replicative immortality, neo-angiogenesis and activating tumour invasion and distant metastasis. Inflammation and genomic instability constitute the major driving forces for the initiation and propagation of the hallmarks. [1] Inflammatory biomarkers such as total leucocyte count, C-reactive protein, cytokines, the platelet-lymphocyte ratio (PLR), the NLR and DNLR have shown to be associated with specific outcomes in solid tumour patients. [2, 3] DNLR is a biomarker for inflammation, it can be more easily and conveniently measured and it is economical.
Elevated pre-treatment NLR has been associated with a poor prognosis in a number of malignancies, including head and neck cancer, [4] gastric cancer, [5] renal cell carcinoma [6] and hepatocellular carcinoma. [7] The meta-analysis by Templeton et al. of 100 studies comprising 40,559 patients demonstrates that an elevated pre-treatment NLR was associated with a HR for OS of 1.81 (95% CI: 1.67-1.97; P < 0.001). The inferior outcome effect was observed across all disease subgroups, sites and stages. HRs for NLR for disease-free survival (DFS), progression-free survival (PFS) and cancer-specific survival (CSS) were 2.27, 1.63 and1.61, respectively. [2] Previously published studies on the impact of NLR depict mostly inferior DFS and OS for the non-metastatic patients with breast cancer. A meta-analysis recently reported by Chen et al. shows a significant correlation between NLR and OS and DFS in breast cancer in overall population. [8] A study by Azab et al. showed that patients with a higher pre-treatment NLR were of higher age, more nodal involvement and advanced stage. The pre-treatment NLR was also an independent predictor of poor OS. [9] Another study from Korean cohorts show that patients with an elevated NLR showed poorer breast CSS as compared to patients with lower NLR. [10] A retrospective analysis by Dirican et al. of 1527 Turkish patients with breast cancer has been published analysing the pre-operative NLR and derived NLR on prognostic relevance. The DFS and OS were both significantly associated with elevated NLR and DNLR. [11] Other biomarkers such as PLR were less well studied in breast cancer. Krenn-Pilko et al. evaluated the effect of pre-operative NLR and PLR on breast CSS and OS in a total of 793 patients. This study concludes that a high PLR is a statistically significant factor for poor prognosis in patients with breast cancer. [12] The recent retrospective cohort study of 461 breast cancer patients in the United States showed that elevated NLR of 3.7 or higher is a significant predictor of all-cause mortality in non-metastatic breast cancer patients. [13] The present study is the first Indian study evaluating the prognostic effects of DNLR in a cohort of 497 North Indian patients with non-metastatic breast cancer. Elevated pre-treatment DNLR, defined as 1.68 or higher, was significantly associated with RFS or OS after considering patient and clinical factors.
Previously, there was one study to point to the association of pre-treatment-derived NLR with OS in breast cancer patients. However, to the best of our knowledge, there has been no research published that included Indian patients.
The DNLR, a surrogate marker of inflammation, is associated with a poor CSS and PFS and this association has been evaluated in several previous studies. [3] Absolute neutrophil and lymphocyte counts could be affected by various biological and laboratory factors while ratio is unaffected by such change. This unique characteristic indicates that the relative stability of DNLR is superior to the other parameters such as PLR or monocyte-lymphocyte ratio. [14] The relative stability of DNLR is similar to that of NLR as both of them use the same component for calculation.
The median age of our breast cancer patients was 47.5 years, which is a decade lower than the world. A significant proportion of our patients presented with locally advanced disease (42%), >6 months presentation duration (31%), anaemia (6.4%) and hypoalbuminaemia (7.8%). This is suggestive of a significant proportion of patients were at advanced disease at presentation.
The cut-off value for DNLR was determined as 1.68 in the present study, and the predicted 5-year OS rates in patients with high (≥1.68) and low (<1.68) NLR were 98.1 and 81.1, respectively [ Figure 4 ; log-rank; P = 0.003]. With a follow-up period of 33.8 months, the RFS between patients with high and low NLR is significant, similar to the results for OS [ Table 2 and Figure 2 ; Log-rank; P < 0.05]. The present study also showed increasing NLR ratios with increasing AJCC T-stages. A higher DNLR was associated with age <35 years, pre-menopausal status, larger tumours, high total leucocyte count and the presence of hypoalbuminaemia. The present study concludes that high DNLR is an independent prognostic factor in breast cancer predicting RFS and OS as per the multivariate analysis (HR: 1.95; P = 0.001). The results of the present study are consistent with the results previously published in the study by Dirican et al. on Turkish cohorts with both metastatic and non-metastatic breast cancers. [11] Apart from the study by Dirican et al., there are no large studies in literature demonstrating the prognostic significance of DNLR in breast cancer [ Table 4 ].
Several strengths and limitations exist within the study. This is the first study to determine the significance of pre-treatment NLR to both RFS and OS in a group of North Indian patients. Limitations include even though we used retrospectively listed patients with high-quality databases, uncontrolled and unrecognised biases might exist; second, geographical differences in the frequency of breast cancer subtypes might have been contributed by the lack of uniform standardisation procedures across tumour subtype, and inviting a potential source of heterogeneity. As NLR has been previously shown to be associated with an increased incidence of coronary artery disease and cardiovascular mortality and morbidity, we lacked patient data regarding the same. [15] That could have reduced the specificity of NLR for OS. Finally, due to lack of appropriate data, the association of DNLR and other clinical parameters, such as PLR, lymphocyte-monocyte ratio, mean platelet volume, circulating tumour cells and gamma-glutamyl transferase was not explored. Thus, the prognostic implication of inflammation may not be fully captured using this single marker of inflammation. Given the heterogeneity of breast cancer and different influencing factors of NLR measurement, more studies are required to confirm the value of the DNLR test for breast cancer prognosis in the future.
conclusIon
To the best of our knowledge, this is the first study to investigate the prognostic role of DNLR in breast cancer in the Indian population. In combination with other markers of local and systemic inflammation, DNLR, a low-cost, reliable marker of inflammation, may have potential utility in predicting disease prognosis and more realistic risk stratification for the management of breast cancer patients. 
